Abstract. The purpose of this study was to determine the expression of cyclooxygenase-2 (COX-2) in normal epithelium, dysplasia and squamous cell carcinoma of the hypopharynx and to investigate associations with clinicopathological factors and survival. Seventy-five patients with hypopharyngeal squamous cell carcinomas (HPSCC) who underwent surgical treatment at the Department of Otolaryngology, Osaka Medical Center for Cancer and Cardiovascular Diseases, were investigated. COX-2 expression was determined by immunohistochemistry and 97.3% (73/75) of samples displayed immunostaining in tumor cells. COX-2 staining was localized mainly in the cytoplasm (73/75) and was rare in stromal cells (2/75). Over half of the areas of dysplastic cells adjacent to carcinomas also showed COX-2 staining (41/70, 58.6%). There were no significant correlations between the COX-2 expression and tumor size, location and tumor growth type, T-and N-stage, tumor recurrence, lymph node metastasis and survival in this study. COX-2 expression thus does not appear to have a prognostic significance for hypopharyngeal SCC although there was a tendency for higher values in T3/T4 than T1/T2 cases. Furthermore, COX-2 was found to be more strongly expressed in poorly-differentiated than in moderately/welldifferentiated carcinomas. In this study group, COX-2 was up-regulated not only in SCCs but also in the dysplastic lesions of the hypopharynx, suggesting that COX-2 inhibition may be a useful chemopreventive strategy.
Introduction
The hypopharyngeal squamous cell carcinoma is relatively aggressive among head and neck carcinomas with a very poor overall prognosis due to loco-regional recurrence and metastasis to lymph nodes despite advances in surgery, radiotherapy and chemotherapy. Therefore, new effective treatment strategies are needed.
Cyclooxygenases (COX) are rate-limiting enzymes converting arachidonic acid to prostaglandin. The two isoforms are characterized as COX-1 and -2. COX-1 is constitutively expressed in most tissues and mediates the synthesis of prostaglandins to control normal physiological functions, whereas the COX-2 expression is generally not detectable but is rapidly induced by various stimuli such as inflammatory reactions, growth factors, oncogenes and tumor promoters (1, 2) .
COX-2 is expressed in various tumor types and is now generally considered to promote the carcinogenesis and growth of established tumors. There is evidence that a prolonged COX-2 inhibition by aspirin or other non-steroidal anti-inflammatory drugs (NSAIDs) offers protection against colon cancer and other malignancies (3, 4) . COX-2 inhibitors have been shown to inhibit the proliferation of tumor cells in vitro and in vivo and to act in part by inducing tumor cell apoptosis.
Overexpression of COX-2 is found in the carcinomas of various organs, including the colon (5,6), lung (7), bladder (8) , esophagus (9) (10) (11) (12) (13) (14) and head and neck (15) (16) (17) (18) . Up-regulation in laryngeal (19) (20) (21) (22) , tongue (23) and oropharyngeal cancers (24) has been reported at the mRNA and protein levels. However, data are rather limited regarding hypopharyngeal cancers (15) . Furthermore, the prognostic significance for COX-2 has been shown, but mainly for adenocarcinomas (26) and results for squamous cell carcinomas are equivocal (12) .
We examined the COX-2 expression in hypopharyngeal squamous cell carcinomas and investigated the relationships with clinicopathological and prognostic parameters.
Materials and methods
Patients. Our subjects were 86 patients with hypopharyngeal squamous cell carcinomas undergoing surgical treatment of primary tumors at the Department of Otolaryngology, Osaka Medical Center for Cancer and Cardiovascular Diseases, from January 1995 through December 2000. After receiving informed consent, medical records and surgical specimens were collected from all but nine patients, who were excluded as the samples were inadequate or of special histopathology (one adeno-squamous and one basaloid lesion). The 75 cases of HPSCC (64 men, 85.3% and 11 women, 14.7%) had a mean age at surgery of 64.0 years (range: 36-85). The classification of tumor size, lymph node status and stage grouping was performed according to the 1988 UICC criteria. The data collected for each patient included age, sex, tumor site, Brinkman index, Sake index, tumor growth type, treatment method, tumor recurrence, cause of death (where appropriate) and survival outcome. Histological grading (well-, moderately-and poorly-differentiated) was performed with H&E stained sections by a pathologist at the Osaka Medical Center for Cancer and Cardiovascular Diseases. The details of patient and tumor characteristics are given in Table I . One patient received preoperative chemo-and radiotherapy and four patients underwent surgery for recurrent lesions after radical chemo-and/or radiotherapy and three cases had radiotherapy of the hypopharynx for another disease. During the follow-up period, local recurrence occurred in 5 cases (6.7%), lymph node recurrence in 16 (21.3%) and distant metastasis in 9 (12%). An extended follow-up was possible for 66 patients and 5-year survivors numbered 20.
Pretreatment. All block samples were fixed in formalin and were cut into 7-mm slices for decalcification and fixation. Sections of 4 μm thickness were cut from tissues embedded in paraffin wax and routinely processed. As a pretreatment for immunohistochemistry, heating for 15 min at 100˚C in citrate buffer (pH 7.0) was performed in a microwave, followed by washing in PBS buffer (pH 7.5) for 5 min.
Immunohistochemistry. The Ventana NX System ® (Ventana I-View DAB Universal kit ® ) was employed for immunohistochemistry, with anti-COX-2 Ab (160112:Cayman Chemical, 1:100) as the primary antibody. Scoring of the immunohistochemical staining results was performed by a single pathologist blinded to the patient status (clinical parameters). The intensity of staining was graded from 0 to 3: 0, negative; 1, weakly positive; 2, moderately positive and 3, strongly positive. The area of stained cells was also graded from 0 to 4: 0, 0%; 1, 1-25%; 2, 26-50%; 3, 51-75% and 4, 76-100%. The degree of staining (0-12) was then calculated as the product of the intensity and area of stained cells.
The pattern of tumor infiltration according to digestive organ cancer (INF-α -ß -γ) and the COX-2 relative staining score (-3 to +3) in tumor invasion fronts as compared to the main tumor lesion were identified and investigated, as well as the relationship to the clinical data.
Statistical analysis. Statistical analysis was performed using StatView 5.0 (Abacus Concepts, Inc., Berkeley, CA). Clinical and histopathological parameters were analyzed using the Mann-Whitney U test and the Kruskal-Wallis test (nonparametric analysis of variance) and differences were considered significant at p<0.05. Overall survival was estimated according to the Kaplan-Meier method (BreslowGehan-Wilcoxon) and differences in survival were evaluated by the log-rank test.
Results
Immunohistochemical analysis of COX-2. The samples (97.3%, 73/75) displayed COX-2 immunostaining in tumor cells of which 10 (13.3%), 35 (46.7%) and 28 (37.3%) showed a strong, moderate and weak expression, respectively. COX-2 staining was localized mainly in the cytoplasm of tumor cells (73/75) and only infrequently found in stromal cells (2/75). Table I . Patient characteristics. 
In the dysplastic areas adjacent to carcinomas, 58.6% (41/70) of samples showed COX-2 staining of which 2 (2.9%) and 39 (55.7%) showed a moderate and weak expression, respectively. There was only 1.3% (1/75) COX-2 staining in the normal squamous cells around the tumor area (Table II) . Representative COX-2 immunostaining patterns in hypopharyngeal SCCs and dysplastic cells adjacent to carcinomas are shown in Fig. 1 . A clear increase in COX-2 staining was evident from normal epithelium through to dysplasia and cancers. The COX-2 expression patterns in each degree of differentiation are shown in Fig. 2 . (Table III) . There were no significant correlations between the COX-2 expression and tumor size, location, growth type, T-and Nstage, recurrence, lymph node metastasis, or survival in this study. However, with the area of stained cells (p=0.086) and the degree of staining (p=0.073, not shown in Table) , there was a tendency for higher values in T3/T4 than T1/T2. Smokers constituted 64 cases (85.3%) and the average Brinkman index (Brinkman index = numbers of cigarette smoked per day multiplied by years of smoking) was 930.2 (40-3120). The number of drinkers was 65 cases and the average Sake index (Sake index = total grams of ethanol consumed per day/22 g multiplied by years of drinking) was 101.0 (32-370). The COX-2 expression did not correlate with either of these indices.
Correlation with clinicopathological parameters
The intensity of COX-2 staining was significantly higher in the poorly-differentiated tumors than in the well/moderately- Table II . The association between COX-2 staining and pathology.
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differentiated lesions (p=0.039). However, no significant difference was found between poor-and well-differentiated carcinomas (p=0.087) and there was no relationship with the tumor infiltration pattern (INF-α -ß -γ).
Discussion
In this study, the COX-2 expression was found to gradually increase with progressive tumorigenesis in the hypopharynx. The COX-2 expression was detectable in almost all hypopharyngeal SCCs and was higher in the adjacent dysplastic squamous epithelium than in normal tissue. The overexpression of COX-2 has been documented in various carcinomas, as well as in precancerous and dysplastic lesions (7, 14, 27, 28) and increases with the grade of dysplasia and progression (16, 23, 29) . It has been reported that mild-to-moderate COX-2 immunoreactivity was also present in the epithelial cells of normal-appearing oral mucosal epithelium adjacent to the head and neck SCCs and linked to the up-regulation of COX-2 mRNA (15) . Thus this may be an early event in tumorigenesis. With hypopharyngeal carcinomas, COX-2 expression may also be detectable in tissues adjacent to cancer nests and the possibility was suggested that a chronic inflammatory reaction leads to the induction of COX-2 expression and the promotion of the development of carcinoma (25) .
The clinicopathological significance of COX-2 expression in SCCs is controversial, despite a number of investigations of the esophageal (11, 12) and the head and neck (21, 22, 24) lesions. In the current study, there was no clear relationship with clinicopathological parameters. There was a tendency for COX-2 expression to be higher in T3/T4 than T1/T2 lesions but there was no prognostic significance, in line with earlier findings (6, 17, 22, 27) . Again the available data are conflicting. In various cancers, COX-2 overexpression is associated with a more malignant phenotype and worse prognosis (9, 24, 29) following local relapse, lymph node (20, 26) and distant metastasis (18) . In the single investigation of 23 hypopharyngeal carcinomas by RT-PCR analysis (25) , the frequency of COX-2 overexpression was significantly higher in the N1-N3 group than in the N0 group. However, Raneletti et al (21) described COX-2 overexpression in less aggressive laryngeal SCCs. In the esophagus, a high COX-2 expression only appears to impact on the prognosis in adenocarcinomas (12) , with no relation to the N stage, locoregional and distant metastasis and survival with SCCs.
The links with the degree of differentiation for SCCs of the esophagus (9, 11, 30) , cervix (31) and head and neck region (17, 23, 29, 32) are also unclear. In an earlier laryngeal study COX-2 was found to be strongly expressed in welldifferentiated areas and apparently absent in very poorlydifferentiated tissue, the more node positive cases all being COX-2 negative (21). The authors concluded that the COX-2 expression is lost when laryngeal SCCs progress to a more aggressive phenotype. Another study concerning laryngeal carcinomas (19) also documented a higher expression in well-than in poorly/moderately-differentiated SCCs and in N0 rather than N + cancer cases. Regarding the hypopharyngeal SCC, the only previous study (25) showed there was no correlation with the degree of differentiation and COX-2 expression. In this study, COX-2 was strongly expressed in the poorly-differentiated tumor. The intensity of COX-2 staining was significantly higher in the poorly-differentiated tumors than in the well/moderatelydifferentiated tumors (p=0.039). Therefore, COX-2 may be related to tumor growth and differentiation as well as the early tumor phenotype.
The prognosis of hypopharyngeal carcinoma is worse than other head and neck cancers in spite of advances in surgery, radiotherapy and chemotherapy. Furthermore, the QOL of the patients frequently decreases after operations. Therefore, effective non-invasive therapy is a high priority. If COX-2 up-regulation occurs in the early stages of tumorigenesis inhibitors may be useful for prevention (16) . It has been reported that selective COX-2 inhibitors inhibit cancer cell proliferation and induce apoptosis in colon, bladder and esophageal adenocarcinomas (10, 13, 28, 33) . An investigation of a head and neck squamous carcinoma cell line (34) showed a similar suppression of tumor growth caused by antiangiogenesis, cell cycle arrest and inhibition of the telomerase activity of the tumor cells. Moreover, it has been shown that COX-2 inhibitors enhance the radiosensitivity of the surviving cells (18, 33) .
Since the COX-2 expression was found to gradually increase from normal epithelium, through dysplasia to poorly differentiated SCC, but without any clear link to prognosis, its importance may be related to tumor growth. COX-2 inhibitors may therefore be beneficial, particularly for patients with dysplastic lesions in the hypopharynx and/or persistent chronic inflammation due to heavy drinking or smoking. Table III . Clinicopathological variables and COX-2 expression.
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